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Description 
Programmable Power Supply System 

Cross Reference to Related Applications 

[0001] This patent application is a continuation of U.S. patent ap- 
plication 10/076,883, filed February 13, 2002, now U.S. 
patent 6,710,621, issued March 23, 2004, and U.S. patent 
application 10/699,366, filed October 30, 2003, both of 
which claim priority to United Kingdom patent application 
number 0103837.1, filed 16 February 2001, all of which 
are incorporated by reference along with all other refer- 
ences cited in this patent application. 
Background of Invention 

[0002] This invention relates to modular computing systems 

based on integrated circuits such as field programmable 
gate arrays (FPGAs) which have complex and application 
dependent power supply requirements. 

[0003] Modular systems are well known in the electronics indus- 
try. By defining a standardized mechanical and electrical 
interface to a printed circuit board manufactures and in- 



dustry groupings guarantee compatibility between prod- 
ucts from various vendors. Successful module standards 
attract large numbers of companies who provide a wide 
range of compatible modules. System integrators benefit 
by being able to mix-and-match from these modules to 
create an end system tailored to customer requirements. 
Commonly available modules include processing (for ex- 
ample, cards containing microprocessors and digital sig- 
nal processors or DSPs), video capture, video display, dig- 
ital-to-analog (D-to-A) conversion, and network connec- 
tion. By making use of these off-the-shelf devices system 
integrators greatly reduce their engineering costs and can 
bring a product to market faster. Examples of successful 
module formats include the TRAM format proposed by IN- 
MOS for Transputer-based systems, Texas Instrument's 
TIM40 format for digital signal processor (DSP) chips, 
Analog Devices SHARCPAC format for DSP chips and the 
PCI mezzanine card format. 
[0004] Prior-art modular formats have been defined around the 
requirements of conventional microprocessors and digital 
signal processors. This naturally leads to bus based archi- 
tectures which distribute address, data, and control sig- 
nals from the processor or processors with or without ad- 



ditional point to point communicating sequential pro- 
cesses (CSP) links. Recently, field programmable gate ar- 
rays (FPGAs) have been making considerable inroads into 
the signal processing marketplace. FPGAs operate by im- 
plementing algorithms directly in reconfigurable logic 
gates: the functionality and interconnection of the logic 
gates is defined by a control memory which can be repro- 
grammed as required. With FPGAs there is no fixed bus 
based communications mechanism: instead pro- 
grammable input/output blocks (lOBs) are configured to 
implement exactly those connections required by the ap- 
plication currently programmed onto the FPGA. Therefore, 
whereas a module standard for DSPs specifies the seman- 
tics of various signals on a bus a module standard based 
on FPGAs" needs to deliver "raw" digital connections be- 
tween modules the semantics of which will be determined 
only once the FPGAs have been programmed. A module 
standard developed specifically for FPGAs by Nallatech 
Ltd., the assignee of the present invention is disclosed in 
the paper "DIME— The first module standard for FPGA 
Based High Performance Computing" by Malachy Devlin 
and Allan Cantle in Proceedings of FPL'99, Glasgow, UK 
Sept. 1999, published as Springer LNCS 1673 which is in- 



corporated by reference. The product documents "DIME 
Module, Physical Level 0 Specification," part no. NT- 
301-0001 and "Video Processing, implementation Level 1 
of the DIME Module," NT301-0002 (both available from 
Nallatech Ltd., Boolean House, One Napier Park, Cumber- 
nauld, Glasgow G68 OBH, United Kingdom) provide more 
detailed information on the DIME modules and are incor- 
porated by reference. 
[0005] As silicon technology scales it is becoming necessary to 
change the power supply voltage for integrated circuits 
with each process shrink. For example, 0.5-micron line 
width integrated circuits generally operated off 5-volt 
supplies, 0.35-micron integrated circuits from 3.3-volt 
supplies, 0.25-micron integrated circuits from 2. 5-volt 
supplies, and the present generation of 0.18-micron cir- 
cuits from 1.8-volt supplies. Since a system is normally 
built from many different types of integrated circuits sup- 
plied by different vendors it is very likely that there will be 
multiple power supplies required and multiple voltage 
level standards for interchip signaling. It has become in- 
creasingly common for integrated circuits to operate their 
input/output pins at different voltage levels from their 
"core" internal circuitry— this allows them to take advan- 



tage of improved process technology to increase perfor- 
mance while remaining compatible with older chip's sig- 
naling voltages. 

[0006] | n tel Corporation reacted to the need for reducing power 
supply voltage as process technology improves by speci- 
fying an interface between a microprocessor and a pro- 
grammable power supply as shown in figure 1. This al- 
lowed the microprocessor to specify the power supply 
voltage it required. One advantage of this technology was 
that personal computer motherboards could be upgraded 
with newer processors operating off a lower power supply 
voltage. 

[0007] An additional trend in the industry has been an explosion 
in the number of electrical signaling standards used to 
communicate between digital chips. For many years only 
the transistor-transistor-logic (TTL) and complementary 
metal oxide semiconductor (CMOS) standards were of in- 
terest—and it was easy to convert between them. Today 
there are many different significant standards including 
TTL, CMOS, low voltage differential signaling (LVDS), low 
voltage positive emitter coupled logic (LVPECL), and gun- 
ning transceiver logic (GTL). 

[0008] FPGA manufacturers have reacted to these problems by 



designing complex I/O structures which are "backwardly- 
compatible" with previous generations of process technol- 
ogy and can be programmed to support many different 
signaling standards. This has allowed FPGAs to become 
the "universal connectors" at the board level which speak 
the signaling language of all the components in the sys- 
tem. The signaling standards and power supply require- 
ments of a leading advanced FPGA family are described in 
"Virtex-E 1.8V Extended Memory Field Programmable Gate 
Array's "Preliminary Product Specification, DS025 vl.2, 
Sept. 19, 2000 published by Xilinx Inc. which is incorpo- 
rated by reference. 

[0009] As shown in figure 2, modern FPGAs such as Virtex-E re- 
quire multiple power supply voltages. As well as the "core" 
power supply voltage groups or "banks" of I/O pins can 
operate independently at different voltage levels. Some 
signaling schemes also require a "reference" voltage to set 
the threshold at which logical ones and zeros are recog- 
nized. More details on these aspects are found in the Xil- 
inx product specification referenced above. 

[0010] p r i or ar t module standards have not addressed the need 
for multiple electrical signaling standards or the require- 
ment for modules to operate off different supply voltages. 



In fact, one of the basic goals of prior-art modular stan- 
dards is to specify the electrical signaling standards in 
great detail to guarantee compatibility. This is no longer 
necessary given FPGAs support for multiple signaling 

standards. 
Summary of Invention 

[° 011 ] In the present invention a module standard for integrated 
circuits such as FPGAs is provided in which power supply 
voltages for daughtercards are not fixed in advance. In- 
stead programmable power supplies are provided and a 
method is described by which each daughtercard can 
specify the required power supply voltage. Thus, unlike 
prior art systems, this modular system is backward and 
forward compatible with FPGA chips from many process 
generations allowing easy upgrading as new FPGA families 
become available. 

[0012] a motherboard or baseboard for use with this invention 

includes a plurality of module connectors into which com- 
patible modules or "daughtercards" can be plugged and a 
plurality of programmable power supplies. In a preferred 
embodiment there are four sets of module connectors and 
sixteen programmable power supplies. This allows each 
module to have four independently specifiable power sup- 



ply voltages. A module may also connect several power 
supplies together in order to obtain higher current at a 
single voltage. Various schemes are described to ensure 
that the programmable power supplies will never deliver 
too high a voltage to the components on the modules. 

[0013] | n the context of this disclosure "motherboard" or "base- 
board" is used to denote a printed circuit board, which 
may be of a standard format such as Double Eurocard, 
into which smaller "daughtercards" or "modules" can be 
plugged. It will be understood that there may be a hierar- 
chy of "motherboards" and "daughterboards" in a system. 
In particular, it is likely that the motherboard itself will 
have connectors allowing it to be plugged into a back- 
plane bus of some type (for example VME bus in industrial 
equipment or PCI bus in a personal computer). In the fu- 
ture the teachings of this invention may be applied to 
module standards with additional levels of motherboard/ 
daughterboard hierarchy: for example, the daughter- 
boards themselves may act as motherboards for even 
smaller daughterboards. 

[0014] Although this invention is most suited for use with field 

programmable gate array (FPGA) chips such as those sup- 
plied by Xilinx Inc. and Altera Corp., it will be apparent to 



one skilled in the art that aspects of it could be used with 
many other classes of programmable devices, for example 
complex programmable logic devices (CPLDs) or pro- 
grammable microprocessor peripherals. Recently, compa- 
nies operating in the programmable logic industry such as 
Chameleon Systems Inc. have been introducing devices 
which combine aspects of processors and programmable 
logic: this invention is equally applicable to such new de- 
vices. The invention may also be applied to "system on a 
chip"devices containing programmable logic and compo- 
nents such as microprocessors. 

[0015] According to one embodiment, this invention provides a 
flexible modular standard for implementing digital sys- 
tems using FPGAs. In further embodiment of this inven- 
tion provides support for the complex power supply re- 
quirements of modern FPGAs. The invention also provides 
support for systems built from FPGAs and other compo- 
nents with differing power supply requirements. 

[001 6] Among the advantages of a preferred embodiment of this 
modular system are: (1) New FPGAs using a more modern 
process technology and a corresponding lower core power 
supply voltage are compatible with previous systems al- 
lowing users to take advantage of their increased density 



and performance. (2) The modular daughtercards remain 
simple and relatively low cost since programmable power 
supplies are provided on the baseboard. This makes up- 
grading the system more cost effective. 
[0017] | n one embodiment, the invention is an electronic system 
including a module connector with a first programmable 
voltage line, second programmable voltage line, and 
power control signal line. A first programmable voltage 
supply is coupled to the first programmable voltage line 
of the module connector, where based on a signal re- 
ceived at a first control input of the first programmable 
voltage supply, the first programmable voltage supply 
generates a voltage on the first programmable voltage 
line. A second programmable voltage supply is coupled to 
the second programmable voltage line of the module con- 
nector, where based on a signal received at a second con- 
trol input of the second programmable voltage supply, the 
second programmable voltage supply generates a voltage 
on the second programmable voltage line. A power con- 
troller block is coupled to the power control signal line of 
the module connector, where based a signal on the power 
control signal line, the power controller block generates 
signals for the first and second control inputs. 



[0018] | n another embodiment, the invention is an electronic sys- 
tem including a module connector with a first pro- 
grammable voltage line, second programmable voltage 
line, and at least one power control signal line. A first 
programmable voltage supply is coupled to the first pro- 
grammable voltage line of the module connector, where 
based on a signal on the power control signal line, the 
first programmable voltage supply generates a voltage on 
the first programmable voltage line. A second pro- 
grammable voltage supply is coupled to the second pro- 
grammable voltage line of the module connector, where 
based on a signal on the power control signal line, the 
second programmable voltage supply generates a voltage 
on the second programmable voltage line. 

[0019] | n another embodiment, the invention is an electronic sys- 
tem including a first module connector with a first pro- 
grammable voltage line, second programmable voltage 
line, and first power control signal line. A first power sup- 
ply unit includes a first programmable voltage supply, 
connected to the first programmable voltage line of the 
first module connector, where based on a signal on the 
first power control signal line, the first programmable 
voltage supply generates a voltage on the first pro- 



grammable voltage line. The first power supply unit in- 
cludes a second programmable voltage supply, connected 
to the second programmable voltage line of the first mod- 
ule connector, where based on a signal on the first power 
control signal line, the second programmable voltage 
supply generates a voltage on the second programmable 
voltage line. A second module connector includes a third 
programmable voltage line, fourth programmable voltage 
line, and second power control signal line. A second 
power supply unit includes a third programmable voltage 
supply, connected to the third programmable voltage line 
of the second module connector, where based on a signal 
on the second power control signal line, the first pro- 
grammable voltage supply generates a voltage on the 
third programmable voltage line. The second power sup- 
ply unit includes a fourth programmable voltage supply, 
connected to the fourth programmable voltage line of the 
second module connector, where based on a signal on the 
second power control signal line, the second pro- 
grammable voltage supply generates a voltage on the 
fourth programmable voltage line. 
[0020] | n another embodiment, the invention is an electronic sys- 
tem including an integrated circuit connector with a first 



programmable voltage line, second programmable voltage 
line, and power control signal line, where an integrated 
circuit connected to the integrated circuit connector will 
be electrically connected to receive voltages from the first 
and second programmable voltage lines. A first pro- 
grammable voltage supply is connected to the first pro- 
grammable voltage line of the integrated circuit connec- 
tor, where based on a signal received at a first control in- 
put of the first programmable voltage supply, the first 
programmable voltage supply generates a voltage on the 
first programmable voltage line. A second programmable 
voltage supply is connected to the second programmable 
voltage line of the module connector, where based on a 
signal received at a second control input of the second 
programmable voltage supply, the second programmable 
voltage supply generates a voltage on the second pro- 
grammable voltage line. A power controller block is con- 
nected to the power control signal line of the integrated 
circuit connector, where based on a signal received from 
the integrated circuit coupled to the integrated circuit 
connector on the power control signal line, the power 
controller block generates signals for the first and second 
control inputs. 



[0021] | n another embodiment, the invention is an electronic 

module including a connector to connect to an electronic 
system board, where the connector includes a supply 
voltage line and ground supply voltage line to connect to 
voltage sources provided by electronic system board. An 
integrated circuit is connected to a first programmable 
voltage line, second programmable voltage line, and 
power control signal line. A first programmable voltage 
supply is connected to the supply voltage line, ground 
supply voltage line, and the first programmable voltage 
line of the integrated circuit, where based on a signal re- 
ceived at a first control input of the first programmable 
voltage supply, the first programmable voltage supply 
generates a voltage on the first programmable voltage 
line. A second programmable voltage supply is connected 
to the supply voltage line, ground supply voltage line, and 
the second programmable voltage line of the module con- 
nector, where based on a signal received at a second con- 
trol input of the second programmable voltage supply, the 
second programmable voltage supply generates a voltage 
on the second programmable voltage line. A power con- 
troller block is connected to the supply voltage line, 
ground supply voltage line, and power control signal line 



of the integrated circuit connector, where based on a sig- 
nal received from the integrated circuit connected to the 
integrated circuit connector on the power control signal 
line, the power controller block generates signals for the 
first and second control inputs. 

[0022] | n another embodiment, the invention is a method of op- 
erating an electronic system having an integrated circuit 
requiring a plurality of operating voltages. A signal is pro- 
vided from the integrated circuit to power controller cir- 
cuitry. The signal is decoded using the power controller 
circuitry and first and second control signals are gener- 
ated. The first control signal is received in a first pro- 
grammable voltage generator, which generates a first 
voltage. The second control signal is received in a second 
programmable voltage generator, which generates a sec- 
ond voltage, different from the first voltage. The first and 
second voltages are provided to the integrated circuit. 

[0023] | n another embodiment, the invention is a method of op- 
erating an electronic system. A first module, having a 
master integrated circuit, is connected to the electronic 
system. A second module, having a slave integrated cir- 
cuit, is connected to the electronic system. A common 
communication standard is determined to be usable by 



both the master and slave integrated circuits. Data is 
transferred from the master integrated circuit to a first 
programmable power supply to generate voltages for to 
configure the master integrated circuit to use the common 
communication standard. Data is transferred from the 
slave integrated circuit to a second programmable power 
supply to generate voltages to configure the slave inte- 
grated circuit to use the common communication stan- 
dard. 

[0024] | n another embodiment, the invention is a method of op- 
erating an electronic system. A master integrated circuit is 
connected to the electronic system. A first module, having 
a first slave integrated circuit, is connected to the elec- 
tronic system. A common communication standard is de- 
termined to be usable by both the master and first slave 
integrated circuits. Data is transferred from the master in- 
tegrated circuit to a first programmable power supply to 
generate voltages for to configure the master integrated 
circuit to use the common communication standard. Data 
is transferred from the first slave integrated circuit to a 
second programmable power supply to generate voltages 
to configure the first slave integrated circuit to use the 
common communication standard. 



[0025] | n another embodiment, the invention is a method of op- 
erating an electronic system having a first integrated cir- 
cuit requiring a plurality of operating voltages. A signal is 
provided from a second integrated circuit to power con- 
troller circuitry. The signal is decoded using the power 
controller circuitry and generating first and second control 
signals. The first control signal is received in a first pro- 
grammable voltage generator, which generates a first 
voltage. The second control signal is received in a second 
programmable voltage generator, which generates a sec- 
ond voltage, different from the first voltage. The first and 
second voltages are provided to the first integrated cir- 
cuit. 

[0026] other objects, features, and advantages of the present in- 
vention will become apparent upon consideration of the 
following detailed description and the accompanying 
drawings, in which like reference designations represent 
like features throughout the figures. 
Brief Description of Drawings 

[0027] Figure 1 shows a microprocessor which includes circuitry 
for controlling an associated power supply. 

[0028] Figure 2 shows the complex power supply and reference 
voltage requirements of a FPGA. 



[0029] Figure 3 shows an arrangement of power supplies for an 
exemplary FPGA according to this invention. 

[0030] Figure 4 shows a modular daughter board containing pro- 
grammable power supplies for use with FPGAs. 

[0031] Figure 5 shows a first baseboard containing pro- 
grammable power supplies for use with modular boards 
containing FPGAs. 

[0032] Figure 6 shows a second daughter board for use with a 
baseboard containing programmable power supplies. 

[0033] Figure 7 shows a second baseboard containing pro- 
grammable power supplies for use with modular boards 
containing FPGAs. 

[0034] Figure 8 shows a programmable power supply for use with 
modular boards containing FPGAs. 

[0035] Figure 9 shows a control circuit for programmable power 
supplies for use with modular boards containing FPGAs. 

[0036] Figure 10 shows a third baseboard containing pro- 
grammable power supplies for use with modular boards 
containing FPGAs. 

[0037] Figure 11 shows a board layout for an exemplary base- 
board. 

[0038] Figure 12 shows a board layout for an exemplary module 
board. 



[0039] Figure 13 shows a mechanical drawing of a standoff pillar 
for fixing module boards to baseboards. 

[0040] Figure 14 shows a system in which FPGAs on module 

boards negotiate a suitable signaling protocol and signal- 
ing voltage levels. 
Detailed Description 

[0041] | n the following description, for the purposes of explana- 
tion, specific numbers, materials, component part num- 
bers, and configurations are described in order to provide 
a thorough understanding of the invention. However, it 
will be apparent to one skilled in the art that the present 
invention may be practiced without the specific details. In 
other instances, well known features are omitted or sim- 
plified in order not to obscure the present invention. 

[0042] Programmable Power Supply for Integrated Circuits 

[0043] Figure 3 shows one embodiment of a programmable 

power supply for FPGA chips according to this invention. 
Although described with respect to FPGAs and pro- 
grammable logic, the invention may be applied, with the 
appropriate modifications, to other types of integrated 
circuits including memories, ASICs, microprocessors, and 
controllers, as well as combinations of these. FPGAs and 



programmable logic is also sometimes referred to as pro- 
grammable logic devices (PLDs), programmable array logic 
devices (PALs), and programmable logic arrays (PLAs), just 
to name a few. 

[0044] Programmable logic integrated circuits include logic that 
is user-programmable to implement logical functions. 
These functions may include look-up tables, AND-OR and 
other logic gates, registered or sequential logic, and oth- 
ers. Programmable logic integrated circuits may also in- 
clude memory for storage of data. Typically, a user pro- 
grams the programmable logic of a chip by configuring 
the memory cells of the chip. These memory cells are 
commonly static RAM or SRAM cells, or may also be non- 
volatile cells such as Flash or EEPROM cells. Programmable 
logic is field programmable, which means these chips may 
be programmed by the user, not at the factory (e.g., by 
mask changes) such as a gate array or other ASIC. 

[0045] Furthermore, the invention may also be applied to sys- 
tem-on-a-chip (SOC) implementations, and in particular 
programmable systems-on-a-chip (PSOC). In short, in a 
system-on-a-chip, different types of integrated circuits 
are combined onto a single chip. And for a programmable 
system-on-a-chip, different types of integrated circuits 



are combined with an FPGA. For example, the invention 
may be used with integrated circuits including a pro- 
grammable logic portion. In addition, to the pro- 
grammable logic portion, the integrated circuit may in- 
clude a microcontroller, controller, processor, mircopro- 
cessor, or CPU portion. And as miniaturization of inte- 
grated circuits continues, programmable systems- 
on-a-chip will include greater and greater functionality in 
addition to the FPGA or programmable logic portion. 
[0046] Referring to figure 3, power supply inputs, Vcore, Viol, 
Vio2, and Vio3 of FPGA chip 40 are coupled to pro- 
grammable power supplies 30a, 30b, 30c, 30d. Reference 
voltage inputs Vrefl and Vref2 are coupled to pro- 
grammable voltage references 70a and 70b. Preferably, 
because the current requirement on reference voltages is 
not as high as that on power supplies programmable volt- 
age references are implemented using digital-to-analog 
converters. Banks of I/O pins 60c and 60d share a com- 
mon I/O power supply voltage Vio3, banks of I/O pins 60a 
and 60b share a common reference voltage Vrefl, banks 
of I/O pins 60c and 60d share a common reference volt- 
age Vref2. This sharing of voltages between pins is merely 
an illustration of one possibility. Another possibility which 



offers more flexibility would be to associate each of the 
four FPGA I/O power pins with a dedicated power supply. 
Sharing power supplies and reference voltages between 
multiple banks is desirable since it reduces the number of 
power supplies required. Although this illustration shows 
only one FPGA, systems with multiple FPGAs are possible 
and likely in practice. In the case of multiple FPGAs it is 
likely that the FPGAs will have similar core and I/O voltage 
requirements and therefore will be able to share power 
supply and reference voltages. 
[0047] Power control circuitry 80 is coupled to the individual 

power supplies and reference voltage generators for set- 
ting their output voltages. Unlike Intel microprocessors, 
present SRAM-based FPGA chips do not have on-chip cir- 
cuits to control programmable power supplies, therefore 
this function has to be provided externally. Power control 
circuitry 80 is preferably coupled to and obtains power 
from the board power supply Vboard, thus it can operate 
independently of the programmable power supplies. Fu- 
ture FPGA chips may incorporate power control circuitry 
according to the teachings of this invention. In particular, 
it would be straightforward and desirable to include the 
digital-to-analog (D/A) converters 70a and 70b and the 



power control circuitry 80 on the FPGA chips. Some ele- 
ments of the programmable power supplies might also be 
included on the FPGA, although the higher currents in- 
volved make it problematic to integrate the entire power 
supply on chip. 

[0048] Feedback signal 90 from FPGA chip 40 to power control 

circuit 80 allows the "user" design loaded on FPGA chip 40 
after configuration to take control of the power supply 
voltages to the FPGA. This would allow selection of appro- 
priate I/O voltages "in the field" according to the system 
environment into which the FPGA module finds itself. This 
topic is discussed in more detail in a subsequent section 
of this disclosure. 

[0049] | n order to maintain clarity in figure 3, several sets of 
connections are not shown. Vboard is coupled to and 
powers the individual power supplies and reference volt- 
age generators. The ground signal (Gnd) is coupled to the 
FPGA chip, the power supplies, the reference voltage gen- 
erators and the power control circuitry. As is standard 
practice some connections, for example the connection 
between the output of programmable power supply 30b 
and the Vio input of I/O pin bank 60a is indicated by the 
common net label Viol, are indicated by assigning com- 



mon net labels to the signals involved rather than drawing 
explicit connections. 

[0050] when power is applied to the equipment the power supply 
voltage Vboard will reach its nominal value. In one em- 
bodiment Vboard is 5 volts, however many other values 
are possible. In some cases multiple Vboard voltages will 
be provided to the board. In some cases an additional 
stage of voltage regulation might be provided on the 
board: for example an external 5-volt voltage might be 
used by an on board regulator to create a 3.3-volt supply 
which is used by the programmable power supplies to 
create a 1.8-volt supply for use by an FPCA. Usually, 
Vboard will be significantly higher than the FPCA core 
power supply voltage Vcore. Power control circuitry 80 is 
powered directly by Vboard and becomes active. It is im- 
portant that the programmable power supplies and refer- 
ence voltage generators never output voltages which 
would damage FPGA 40. Therefore, programmable PSUs 
30a-30d and reference voltage generators 70a and 70b 
are designed so that they are inactive or output a minimal 
voltage until they receive valid control signals from power 
control circuitry 80. 

[0051] Power control circuitry 80 includes or has associated with 



it nonvolatile memory in which the correct operating volt- 
ages for the various power supplies can be stored. In its 
simplest form this nonvolatile memory could be a set of 
physical traces on the printed circuit board or a set of DIP 
switches on the board. Preferably, power control circuitry 
80 is implemented as a complex programmable logic de- 
vice (CPLD) based on nonvolatile Flash erasable pro- 
grammable read-only memory (EPROM) technology, in 
which case no separate nonvolatile memory is needed. 

[0052] | n an embodiment power control circuitry specifies the 

output voltage of each programmable power supply using 
a separate four-bit control word. This allows one of 16 
possible power supply output voltages to be selected. 
Four-bit words are also used to control digital-to-analog 
converters in the programmable reference voltage gener- 
ators. It will be obvious to one skilled in the art that a dif- 
ferent number of control bits might be appropriate ac- 
cording to the chips chosen to implement the reference 
voltage generators. 

[0053] once the core power supply voltage and the I/O supply 
voltage for those pins of FPGA 40 coupled to the power 
control circuitry and those pins of FPGA 40 required to 
load configuration bitstreams are established FPGA 40 can 



be configured with a user design. Preferably this is done 
through a standard JTAC interface however many other 
options are possible. Methods of configuring SRAM- 
programmed FPGAs are detailed in FPGA manufacturer lit- 
erature such as the Xilinx Virtex-E datasheet and are well 
known to those skilled in the art. 
[0054] power Supply on Daughterboard 

[0055] Figure 4 shows a second embodiment of the present in- 
vention in which a modular daughterboard contains pro- 
grammable power supplies for the use of an FPGA located 
on the daughterboard. Daughterboard 100 receives a 
standard power supply voltage Vboard from the mother- 
board and produces the supply voltages required by the 
FPGA 40 from this voltage using programmable power 
supplies 125. Programmable power supplies 125 will 
preferably contain a plurality of programmable power 
supply units and programmable reference voltage units as 
shown in figure 3. 

[0056] Connector 110 plugs into a slot on a baseboard (not 

shown in figure 4) and connects data and control signals 
and power supplies from the larger system onto daugh- 
terboard 100. Arrows on data and control connections in- 
dicate the direction of information transfer. No arrows are 



drawn on connections that transfer power supplies and 

reference voltages. 
[0057] Daughterboard control function 120 is preferably coupled 

to and powered by supply voltage Vboard in order that it 

can operate independently of local power supplies 130. 
[0058] Power Supply on Motherboard 

[0059] Figure 5 shows the motherboard in an embodiment of this 
invention in which the programmable power supplies are 
moved from daughterboard 100 onto motherboard 200. 
Placing the power supplies on the motherboard is me- 
chanically convenient since it allows daughterboards to 
have smaller area and require less vertical height. It also 
reduces the price of the daughterboard and reduces the 
complexity of daughterboard design. In a successful mod- 
ular standard many companies will design daughterboards 
but only a few companies will produce baseboards so this 
is an important advantage. This partitioning also makes 
upgrading daughterboards with newer higher perfor- 
mance FPGAs as they become available more cost effec- 
tive. 

[0060] Figure 6 shows the daughterboard for use with the moth- 
erboard of figure 5. Connector 110 on daughterboard 100 
is inserted into module slot 150 on motherboard 200 so 



that power supply, data, and control signals from the 
baseboard are coupled to circuitry on the daughterboard. 
Since modern SRAM-based FPCAs do not presently con- 
tain power requirements indication circuitry, a separate 
daughterboard power requirements circuit 135 is pro- 
vided. In one embodiment this is implemented by using a 
serial EPROM chip to store information on power supply 
requirements: this information is then read out by control 
circuitry on the baseboard which then programs the power 
supplies to output the appropriate voltages. In another 
embodiment this is implemented as a set of DIP switches 
or jumper links. The jumper link embodiment has the ad- 
vantage of not requiring a power supply— so in this case 
supply Vboard may not be necessary. The serial EPROM 
implementation has the advantage of making more effi- 
cient use of connector pins since a large amount of data 
can be transferred serially over a single connection 
whereas the jumper link solution requires one connection 
per bit. In a future embodiment a logic device or micro- 
controller may be used to implement this function: in this 
case the power requirements circuit 135 can react to re- 
quests from the FPGA 40 passed over connection 90 and 
relay them to the programmable power supplies on the 



motherboard via connection 130. This allows the user de- 
sign on the FPGA to take control of control its own power 
supplies, this subject is the topic of a subsequent section 
in this disclosure. 

[0061] on the motherboard programmable power supplies 30a, 
30b, 30c, and 30d, and programmable voltage references 
70a and 70b deliver power to the daughtercard plugged 
into module slot 150. Motherboard power supply voltage 
Vboard and motherboard ground Gnd are also connected 
to the daughterboard. Daughterboard power requirements 
circuitry 135 produces one or more control signals 130 
which are coupled to the power controller on the mother- 
board. In an embodiment, in order to reduce the number 
of control signal lines 130, the control signal 130 may be 
a serial data interface. A series or string of bits is passed 
from the daughterboard to the power controller. These 
signals specify the appropriate supply voltages to be gen- 
erated by the programmable power supplies for the cir- 
cuitry on the daughtercard. Thus the actual power supply 
voltages produced by the circuitry on the motherboard 
will vary according to the daughtercard currently plugged 
into the module slot. 

[0062] | n one embodiment of the invention, power controller 80 



is omitted and control signals 130 from the daughter- 
board are passed directly to the power supplies. In the 
preferred embodiment separate motherboard power con- 
troller 80 is provided to ensure that the power supplies 
are turned off if the daughtercard is faulty or incorrectly 
inserted or the slot is empty. Preferably control circuitry 
80 communicates with daughter board power require- 
ments circuitry 135 using a serial interface in order to 
minimize the number of connector pins required to sup- 
port programming the power supplies. For example, a se- 
ries of binary bits is passed from the daughtercard to the 
programmable supplies or references. 
[0063] Figure 7 shows a preferred embodiment of the invention 
in which motherboard 200 includes multiple daughter- 
board slots 150a, 150b, 150c, and 150d, and their asso- 
ciated power supplies 160a, 160b, 160c, and 160d. Each 
power supply 160a, 160b, 160c, and 160d includes power 
controller, programmable power supply and pro- 
grammable reference voltage circuitry as shown in figure 
5. Baseboard 200 will normally also includes circuitry not 
directly related to the power supplies such as processing 
and I/O functions, control functions and an interface to 
the system bus (e.g., PCI or VME bus). A series or string of 



bits may be passed from the daughtercard to the power 
controller. 

[0064] | n t he above embodiments, the data signal (which may be 
in serial form) communicated to the power controller 
comes from the same integrated circuit which will be re- 
ceiving the selected supply voltage. However, in alterna- 
tive embodiments, the data signal provided to the power 
controller circuit may come from a first integrated circuit, 
different from a second integrated circuit receiving the 
voltage from the programmable voltage supply generator. 
The first integrated circuit may include a programmable 
read-only memory (PROM), erasable programmable read- 
only memory (EPROM), electrically erasable programmable 
read-only memory (EEPROM), serial EEPROM, random ac- 
cess memory (RAM), dynamic random access memory 
(DRAM), or static random access memory (SRAM). 

[0065] Programmable Power Supply 

[0066] Figure 8 shows a preferred embodiment of a pro- 
grammable power supply for use with this invention. This 
embodiment makes use of the EL7556BC DC-to-DC con- 
verter from Elantec Inc. The following Elantec documents 
describe this component and its usage: "Designing a High 
Efficiency DC-DC Converter with the EL75XX," Application 



Note 18 and "EL7556BC, Integrated Adjustable 6 Amp 
Synchronous Switcher," August 30, 2000 (both available 
from Elantec Semiconductor, Inc., 675 Trade Zone Blvd., 
Milpitas CA 95035, USA) are incorporated by reference. It 
will be appreciated that although this Elantec component 
is preferred there are many DC-DC converter chips avail- 
able on the market from various vendors and the teach- 
ings of this invention may be applied using different com- 
ponents. 

[0067] Figure 8 is best understood in conjunction with the con- 
nection diagram on the first page of the Elantec EL7556BC 
datasheet mentioned above. In particular the fixed resis- 
tors R3 and R4 in the Elantec diagram control the output 
voltage Vout of the power supply according to the basic 
equation Vout=lV(l + R3/R4) as described in the Elantec 
documentation. As described in the data sheet the resistor 
values specified by this equation need to be modified 
slightly to compensate for nonideal behavior of the device 
using various graphs supplied in the data sheet. Figure 8 
shows an inventive modification to the Elantec standard 
connection diagram in which a programmable analog 
switch is used to allow a set of digital control signals to 
select of R3 and R4 thus creating a programmable power 



supply with a fixed number of preset output voltages. For 
the sake of clarity, figure 8 does not show the many pas- 
sive components in the standard Elantec connection dia- 
gram, only the inventive circuitry concerned with pro- 
grammability. These remaining passive components as 
described by Elantec must, of course, be included in the 
actual circuitry implemented if the EL7556BC is to operate 
correctly. 

[0068] | n figure 8, the R3 and R4 resistors in the Elantec connec- 
tion diagram are replaced by eight sets of resistors and an 
8 to 1 analog multiplexer which connects one of these 
sets of ratioed resistors to the FBI input of the EL7556BC 
DC-DC converter. In a preferred embodiment, the analog 
multiplexing function is implemented using a MAX4598 
integrated circuit as described in the document "MAX4598 
Low-Voltage, Combination Single-Ended 
8-to-l/Differential 4-to-l Multiplexer," 19-1385; Rev. 0, 
10/1998 available from Maxim Integrated Products, 120 
San Gabriel Drive, Sunnyvale, CA 94086 which is incorpo- 
rated by reference. 

[0069] Referring now to figure 8 and the standard connection di- 
agram in the EL7556BC datasheet, under the control of 
selection signals Sel[0:2] one set of the eight possible sets 



of resistors takes the place of R3 and R4 causing a partic- 
ular voltage to be output by the EL7556BC and its associ- 
ated circuitry on signal Vout. Signal Vout is also connected 
to the resistors and signal FB2 on the EL7556BC as shown 
in Figure 8. Signal Vin on the Elantec connection diagram 
is connected to the externally supplied power supply 
Vboard. The EL7556BC also provides signals indicating 
overtemperature (OT) and Power Good (PWRGD), these 
signals are coupled to the power control circuitry shown 
in figure 10 to ensure that the DC-DC converter chip is 
not damaged by overheating and to determine at the sys- 
tem level that the FPGAs are receiving the required power 
supply voltages. 

[0070] | n a presently preferred implementation, the eight possi- 
ble power supply voltages corresponding to the 8 sets of 
resistors on figure 10 are shown in table 1 below. 

[0071] Table 1 



Option 


Voltage 


0 


1 V 


1 


1.1 V 


2 


1.2V 


3 


1.3V 


4 


1.5V 



5 


1.8V 


6 


2.5 V 


7 


3.3 V 



[0072] one possible error condition that might occur in practice 
and is of concern is that a board might be assembled in 
which the control CPLD was not programmed. In this case 
the control connections to the power supply will not be 
driven by the CPLD and will "float." To prevent damage to 
expensive FPGA components it is important to ensure that 
the power supply will either be disabled or output the 
minimum voltage in this situation. One way of achieving 
this is to use a pull-down resistor on the POWER.ON sig- 
nal so that if the CPLD does not drive this signal it will be 
pulled low and the power supply will be disabled. 

[0073] Power Controller 

[0074] Figure 9 shows an interface diagram for a preferred em- 
bodiment of a power controller 80 for use with this inven- 
tion. In this embodiment the controller is implemented 
using an XC9572XL CPLD from Xilinx Inc. and controls the 
group of power supplies associated with one module slot. 
In this diagram logical input/output ports on the power 
controller are indicated by annotation in between arrowed 
lines: each of these ports involves multiple physical wires. 



For example, in the preferred embodiment there are four 
power supply enable connections. 

[0075] There are many ways of implementing and partitioning 

the power control function between chips. For example, a 
single controller might control all the power supplies on 
the motherboard. Using a different controller for each 
power supply minimizes the pin requirements and allows 
use of low cost CPLDs. Other implementation technologies 
such as FPGAs and microcontrollers could also be used to 
implement the power supply control function as will be 
clear to one skilled in the art. In some system designs, the 
power supply control function might be cost effectively 
located on the same chip as other functions, for example, 
to take advantage of excess logic capacity. 

[0076] The power supply controller is coupled to several sets of 
signals as shown in figure 9. Module voltage requirements 
are specified to the control circuitry by the modules 
through pins on the module connector. In a preferred 
scheme, each distinct power supply voltage is specified by 
a four-bit bus, allowing sixteen possible voltage levels to 
be specified. In the case where four programmable power 
supply voltages are provided to the module this requires 
sixteen pins on the module connector. 



[0077] Although the module standard allows for sixteen possible 
voltages encoded in a four-bit field, the actual power 
supplies in the embodiment described in the previous 
section only allow for eight possible voltages encoded by 
a three-bit field. The translation between the four-bit 
code and the three-bit code is effected by the control 
CPLD. Providing additional voltage codes, which are cur- 
rently not used allows the module standard to support fu- 
ture generations of FPGAs with lower power supply re- 
quirements and make use of improved power supply com- 
ponents as they become available. Codes 0 through 7 cor- 
respond to power supply voltages as shown in the table in 
the previous section, codes 8 through 14 are reserved and 
may be used in the future as supply voltages scale lower. 
Preferably, reserved codes disable the power supply so 
that if a new module which specifies a power supply volt- 
age using a code previously defined as reserved and not 
supported by older motherboards is inserted into an older 
motherboard FPGA chips on the module will not be dam- 
aged by overvoltage. Code 15 will be present when the in- 
put signals on the CPLD float high because a module is 
not inserted and is therefore specified to disable the 
power supply. 



[0078] Table 2 



Option 


Meaning 


8 


Reserved 


9 


Reserved 


10 


Reserved 


11 


Reserved 


12 


Reserved 


13 


Reserved 


14 


Reserved 


15 


Disable Power Supply 



[0079] An additional failsafe aspect of the proposed coding of 
power supply voltages is of interest: should a connection 
between a module and the baseboard not make good 
electrical contact the corresponding signal will float high 
causing an incorrect higher code to be detected by the 
control CPLD. With this coding higher numbers corre- 
spond to lower voltages, therefore if this fault occurs 
FPGA chips on the module will not be subjected to over- 
voltage. 

[0080] Future implementations of power supply control circuitry 
and associated encoding schemes might allow for mod- 
ules to specify current requirements as well as voltage re- 
quirements to the controller. 



[0081] The power supply controller is also coupled to power sup- 
ply status signals from each individual power supply. In 
figure 8, signals PWR_COOD and OVER_TEMP, respectively 
indicating that the power supply output voltage is cor- 
rectly regulated and that the voltage regulator is becom- 
ing overheated are examples of power supply status sig- 
nals that would be fed to the power supply controller. If a 
different voltage regulator chip was chosen then there 
might well be different status signals. 

[0082] The power supply controller generates separate power 

supply enable signals for each programmable power sup- 
ply, in figure 8 the enable signal is PWR.ON. In the event 
of an error condition (such as over temperature) being de- 
tected the power supply controller can disable some or all 
power supplies to prevent damage. 

[0083] Power supply voltage select signals from the power supply 
controller are coupled to the various programmable power 
supplies. In the power supply of figure 8, each supply re- 
quires a 3 bit control signal labeled Sel[0:2], thus a con- 
troller for four power supplies needs to output 12 bits of 
voltage select signals in total. 

[0084] Finally, the power supply controller might have a system 
interface to communicate with control or operating sys- 



tern software in a larger system. For example, it might be 
desirable for the host system to be able to place the FPGA 
modules into a power saving mode. As another example it 
might be useful for the controller to report error condi- 
tions to the host system so that it could display messages 
for the human operator. 

[0085] | n a preferred implementation status light emitting diodes 
(LEDs), not shown in figure 9, driven by the power supply 
control circuitry are placed on the printed circuit board to 
indicate whether the individual power supplies are operat- 
ing correctly. 

[0086] shared Power Supplies on Motherboard 

[0087] | n t he presently preferred embodiment of the invention as 
shown in figure 7 each modular daughtercard has a corre- 
sponding set of programmable power supplies such that 
each power supply is associated with a single daughter- 
card. Figure 11 shows a more detailed board layout for a 
baseboard generally corresponding to the architecture of 
figure 7. It is clear that a large fraction of the baseboard 
area is devoted to power supplies in order to provide four 
programmable power supplies to each DIME2 module slot. 
DIME2 is a module format developed by Nallatech Ltd., the 
assignee of the present invention. 



[0088] Referring now to figure 10, in an alternative embodiment 
programmable power supplies may be shared amongst 
multiple daughtercards. Many variations are possible: for 
example each power supply may be connected to every 
daughtercard or some power supplies may be assigned to 
a single daughtercard and some connected to several or 
all daughtercards. The advantage of sharing power sup- 
plies between multiple daughtercards is reduced cost and 
board area for power supplies. The disadvantage is re- 
duced flexibility and the need for modules to be designed 
to allow sharing of power supplies. 

[0089] where power supplies are shared between modules the 
power supply control function (contained within the pro- 
grammable power supplies 270) on the baseboard re- 
ceives power supply requirements information from sev- 
eral modules connected to shared supplies and deter- 
mines if it is compatible. In the simplest case this involves 
determining that all modules sharing the power supply are 
requesting the same power supply voltage. In a more 
complex case modules might specify several acceptable 
power supply voltages and the controller must determine 
if there is a single voltage acceptable to all modules shar- 
ing the supply. 



[0090] Specifying a range of power supply options is most practi- 
cal when modules use a serial EPROM rather than fixed 
links or switches to indicate their power supply require- 
ments since in this case a relatively large amount of data 
can be transferred over a small number of connector pins. 
Where modules specify a range of power supply options, it 
is attractive to provide additional status signals from the 
power supply controller to the module indicating which, if 
any, of the options has been provided. As the algorithms 
become more complex, it becomes increasingly attractive 
to use a microcontroller to implement the power supply 
control circuitry. 

[0091] | n the case where a power supply control circuit cannot 
determine an output voltage acceptable to all modules 
sharing their supply then they will disable the supply. In 
some circumstances chips can be damaged by having 
some, but not all of their power supplies active. Further, it 
is generally not desirable to connect outputs from cor- 
rectly powered circuits to unpowered circuits. The exact 
topologies which can cause problems vary according to 
the FPGA product family: since careful design of the FPGA 
I/O structures can reduce the potential for problems. 

[0092] |f a single power supply must be disabled a simple and 



cautious approach is to disable all the power supplies on 
the baseboard: this approach allows implementation of 
the power controller in a CPLD. Alternatively, if the base- 
board power controller is implemented using a microcon- 
troller, software might be designed with the goal of only 
disabling power supplies when absolutely necessary to 
prevent damage based on a model of potential problems 
and the interconnections between FPGAs. 

[0093] where power supplies are shared between modules and 
modules use a serial EPROM to communicate power sup- 
ply requirements it may be attractive to communicate cur- 
rent as well as voltage requirements to the control cir- 
cuitry so that the controller can determine if the total 
power supply requirements of the modules is within the 
capability of the supply. 

[0094] | n one embodiment, in order to make it more likely that 
modules will be able to share power supplies by conven- 
tion the module power supply inputs are ordered in volt- 
age level. Thus, referring to figure 11 the voltage to be 
output by programmable power supply A is guaranteed to 
be greater than or equal to that output by programmable 
power supply B which is in turn greater than or equal to 
that output by programmable power supply C and so on. 



Thus, in the case of two modules whose highest power 
supply voltage is 1.8 volt, both modules will require that 
voltage from programmable power supply A and it will be 
possible to share programmable power supply A between 
the modules. 
[0095] physical Aspects 

[0096] | n a preferred embodiment baseboard to module connec- 
tor 110 is composed of several physical connectors. Fig- 
ure 12 shows the physical connectors associated with a 
DIME2 module according to an embodiment of this inven- 
tion. The width of the module is specified to provide a 
clear area of 42.5 x 42.5 millimeters allow an FPCA 40 in 
an FG860 package (fine pitch 860 pin ball grid array pack- 
age— FPGA packages are documented in the Xilinx product 
literature) to be mounted between the primary connectors. 
Additional user I/O connectors 115 as required for a par- 
ticular application, for example miniature video connec- 
tors, can be placed on the top edge of the module. The 
module to baseboard connectors can be grouped accord- 
ing to their current carrying capability. 

[0097] t wo conductive standoff pillars 114a and 114b are pro- 
vided in the middle of the module to provide mechanical 
stability and provide a low resistance ground connection. 



This combination of mechanical and electrical functions in 
a single component saves board area. Figure 13 shows a 
mechanical drawing of a suitable pillar which is preferably 
made from brass. The base of the pillar is soldered to the 
baseboard. The top of the standoff is machined to take a 
conductive bolt which secures the module to the top of 
the pillar providing good electrical contact. If a suitable 
washer is used between the module PCB and each of the 
standoffs the action of unscrewing the bolts will separate 
the module from the motherboard. This technique for 
separating the boards applies force gradually and evenly 
in the center of the board and is much less likely to cause 
damage to the many pins in the data connectors than 
simply prizing the boards apart. 
[0098] Higher current power supply signals are transferred from 
the four programmable power supplies PSU A, PSU B, PSU 
C, and PSU D of figure 11 are transferred on two 6-pin 
connectors 113a and 113b. These are standard 2 millime- 
ter pitch header connectors available from Harwin Ltd. 
and many other vendors. Three connector pins are avail- 
able for each power supply so that high currents can be 
transferred. 

[0099] Data, control, signal ground, and low current power sup- 



plies are transferred using FX10 series header connectors 
from Hirose Electric of Tokyo, Japan, with ground plates 
removed. Similar connectors are available from many 
other vendors. A 144 pin primary connector composed of 
two Hirose FX10-120 connectors 111a and 111b with 72 
pins each transfers essential signals required by all mod- 
ules and an optional 120 pin secondary connector com- 
posed of two Hirose FX10-100 connectors 112a and 112b 
is provided for modules with greater I/O requirements. 

[0100] |_ ow current power supplies include +5 volt, -5 volt, +12 
volt, and -12 volt supplies for use by analog circuits on 
the module. Control signals include power supply control 
signals and JTAG chains for configuring the FPGAs as well 
as clock and reset signals and a data bus. The majority of 
the pins are used for general purpose (uncommitted) I/O 
connections between FPGAs and associated ground re- 
turns. Since the DIME2 modules are intended to support 
up to 200 megahertz communication between FPGAs sig- 
nal integrity is an important concern and large numbers of 
ground connections are required. 

[° 101 ] It should be noted that although the physical aspects of 

the DIME2 module have been disclosed in detail above this 
is provided only as an example in order to clarify the 



teachings of this invention and is not intended to limit the 
scope of the invention. Many variations on the embodi- 
ment disclosed in this section will immediately be appar- 
ent to one skilled in the art. 

[01 02] Adaptive Choice of Power Supply Voltage 

[0103] Normally the power supply and reference voltages for in- 
tegrated circuits are fixed by the manufacturer of the in- 
tegrated circuit: for example, early generations of FPGAs 
run off fixed 5-volt power supplies. More recent FPGAs 
have allowed various banks of I/O cells and the core to 
operate off different supply and reference voltages. Users 
can now choose when designing the system containing 
the FPGA which reference and supply voltage a particular 
bank of l/Os will use. 

[0104] a further degree of flexibility would be provided if the de- 
termination of voltage levels was not fixed at design time 
but was negotiated during system operation. Flexibility is 
particularly advantageous in a modular system where 
modules may be supplied by third party vendors and 
combined in unpredictable ways to form a complete de- 
sign. The lifespan of module standards is such that older 
modules may be connected to and must operate with 
modules which were designed many years later. Negotia- 



tion of signaling voltage levels and signaling standards 
would allow communicating FPGA chips to determine the 
optimal interface which was supported by both communi- 
cating modules and the motherboard. 

[0105] where the goal is to determine the optimal signaling stan- 
dard supported by the FPGAs which wish to communicate 
the negotiation need only take place when the configura- 
tion of the system is changed (for example when a new 
module is inserted onto the baseboard). However, it may 
be more convenient to repeat the negotiation every time 
power is applied to the system rather than preserve con- 
figuration information in nonvolatile memory. This kind of 
negotiation is analogous to the plug-and-play system 
used in personal computers to configure device driver 
software when new hardware is installed. 

[0106] | n some cases it may be desirable to go further and intel- 
ligently change the signaling scheme during normal oper- 
ation of the equipment. An application of this capability 
would be to choose to use a lower power signaling 
scheme in order to reduce power consumption or to 
change to a more robust signaling scheme if the equip- 
ment detects corruption on the data being transferred. 
This kind of adaptive change of inter-FPGA signaling 



scheme in response to environmental conditions is partic- 
ularly relevant to mobile or battery powered equipment 
and is not limited to use within modular systems. 

[0107] when considering adaptive schemes for determining a 
suitable power supply voltage a "chicken and egg" prob- 
lem occurs: the FPGA must be powered-on in order that it 
might implement the logic required for the scheme 
whereas the power supply circuitry requires to know the 
appropriate power supply voltages prior to powering on 
the FPGA. The solution is to provide power at predeter- 
mined levels to a minimal set of FPGA functions. This al- 
lows FPGA functionality sufficient to implement communi- 
cations to be activated immediately. In the context of to- 
day's FPGAs this would mean the core power supply and 
the power supplies associated with pins concerned with 
device configuration and a small number of essential user 
l/Os which communicate power supply requirements. The 
signaling scheme and voltage levels for these l/Os must 
be predetermined in the module standard. For example, 
low voltage TTL (LVTTL) signaling might be specified. 

[0108] once these power supplies are in place the FPGA can be 
configured and negotiate with other FPGAs it must trans- 
fer information with and the power supply control circuitry 



in order to determine appropriate power supplies and ref- 
erence voltages for the remainder of its pins. It might also 
determine better supply voltages for the core logic and 
the initial set of l/Os are reprogram the power supply ac- 
cordingly. 

[0109] Figure 14 is a simplified diagram of a system in which two 
FPGAs 40a and 40b mounted on modules 100a and 100b 
on the same baseboard 200 negotiate mutually acceptable 
signaling voltages and protocols and configure the pro- 
grammable power supplies 160a and 160b accordingly. 
User circuitry 300a and 300b are configured onto the FP- 
GAs is responsible for implementing the protocol negotia- 
tions. 

[0110] when power is initially applied to the module, pro- 
grammable power supplies 160a and 160b provide core 
voltage and I/O voltage to those pins required by the sig- 
naling protocol negotiation and configuration circuitry 
only. In order to carry out these negotiations connections 
between circuits 300a and 300b use a predetermined sig- 
naling convention— for example LVTTL. The user designs 
agree upon mutually acceptable signaling voltage levels 
and specify these to the programmable power supplies 
160a and 160b using connections 90a and 90b. At this 



point the remaining l/Os on the FPGAs have operating 
power supply and reference voltages applied and normal 
operation of the system can proceed. 
There are many possible ways of implementing the sig- 
naling negotiation protocol and the associated communi- 
cation between FPGAs. The most straightforward of these 
is to use logic gates in the user design and direct dedi- 
cated connections. Another possibility is to use reconfigu- 
ration of the FPGAs such that an initial configuration car- 
ries out the signal voltage negotiation and then selects a 
second configuration to be loaded into the device accord- 
ing to the outcome of the negotiation. 
[0112] FPGAs have recently become available with on chip micro- 
controllers and in this case it might be advantageous to 
implement the negotiation in software. Given the ability to 
establish a communication path between the FPGAs it is 
straightforward to develop negotiation protocols to ex- 
change capability information and determine an appropri- 
ate signaling standard. One such algorithm would estab- 
lish a master/slave relationship between FPGAs at either 
end of the communications link. The slave FPGA would 
send the master FPGA a list of the potential signaling 
standards it could implement. The master FPGA would 



have a table of communications standards it could imple- 
ment sorted in order of desirability (for example, stan- 
dards using lower voltages might be preferred to reduce 
power consumption). The master FPGA would then go 
through its table of implementable standards in order 
from most desirable to least desirable until it found a 
standard which was also in the list sent from the slave 
FPGA. The first standard to match would be chosen for 
use in the link. The master FPGA would then inform the 
slave FPGA of the choice, configure its own l/Os accord- 
ingly and request the power control circuit to deliver the 
appropriate voltages. On the assumption that there is a 
"lowest-common-denominator" signaling standard (such 
as LVTTL) which can be used by all FPGAs a match will al- 
ways be found by this algorithm. 

[0113] This negotiation to determine appropriate signaling stan- 
dards is analogous to negotiations between MODEMS used 
in dial-up networking to determine appropriate baud-rate 
and modulation schemes and to many other communica- 
tions protocols. Many prior art algorithms could be 
adapted for use in this application and the simple algo- 
rithm outlined above is intended only as an example. 

[0114] There are many different possible embodiments and vari- 



ations to the embodiment shown in figure 14. For exam- 
ple, one master device may talk to a single slave device. 
Or, one master device may talk to multiple slave devices. 
Further, the master integrated circuit may be part of a 
module or independent of the modules. For example, the 
master may be part of the motherboard. 

[0115] when the master determines which of the potential com- 
munication standards to use, the master will alter the 
power control signal in such a way to avoid damaging the 
integrated circuits, the master device or the slave device. 
When supplying an integrated circuit with a higher or dif- 
ferent supply voltage from what it was designed to accept, 
the integrated circuit may be damaged. By varying the 
power control signal appropriately, the master device can 
prevent itself and other devices from being connected to 
supply voltages that would damage them. 

[° 116 ] In the discussion above it has been assumed that commu- 
nication between the FPGAs to negotiate signaling levels 
takes place via dedicated point-to-point interconnect, 
other embodiments might support such communication 
using a system bus or by creating registers in the user de- 
sign which can be accessed via memory references or by 
using the JTAG interface to readout special registers. 



[° 117 ] Similarly, although the voltage negotiation process has 
been described as a peer-to-peer negotiation between 
two FPGAs it is also possible to conceive of a centralized 
architecture in which a controller on the baseboard inter- 
rogated the FPGAs on all the daughterboards to determine 
their capabilities and then assigned appropriate signaling 
standards based on an algorithm such as that outlined 
above. 

[° 118 ] Advantages 

[0119] This invention provides a power supply architecture for a 
module standard for implementing digital systems using 
FPGAs which allows users of module based equipment to 
take full advantage of the flexibility of modern FPGAs with 
regard to signaling voltages. 

[0120] a further advantage is the ability to upgrade the system 
with new FPGAs based on more modern process technol- 
ogy and requiring lower power supply voltages and to im- 
plement systems that use FPGAs from several process 
generations. 

[0121] a yet further advantage of one embodiment is that power 
supply circuitry is not itself located on the modules and 
thus does not have to be replaced if modules are up- 
graded. Since no board area on the modules is devoted to 



power supply circuitry the modules can contain more ac- 
tive processing circuitry than would otherwise be the case. 

[0122] a further advantage of some embodiments is that signal- 
ing voltage levels for communication between FPGAs can 
be determined during system operation rather than fixed 
at the time modules are designed. 

[0123] a further advantage is that voltage levels can be varied 
adaptively during system operation for example in order 
to conserve power in a battery-powered application. 

[0124] while the description above contains many specific de- 
tails, these should not be construed as limitations on the 
invention, but rather as an exemplification of one pre- 
ferred embodiment thereof. Many other variations are 
possible. 

[0125] Accordingly, the scope of the invention should be deter- 
mined not by the embodiments illustrated but by the ap- 
pended claims and their legal equivalents. 

[0126] This description of specific embodiments of the invention 
has been presented for the purposes of illustration and 
description. It is not intended to be exhaustive or to limit 
the invention to the precise form described, and many 
modifications and variations are possible in light of the 
teaching above. The embodiments were chosen and de- 



scribed in order to best explain the principles of the in- 
vention and its practical applications, which will enable 
others skilled in the art to best utilize the invention in 
various embodiments and with various modifications as 
are suited to the particular use contemplated. It is in- 
tended that the scope of the invention be defined by the 
following claims. 



